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I.  INTRODUCTION 


The  electrothermal  accelerator  (ET  gun)  is  an  advanced  propulsion  technique  in 
which  an  electrically  generated  high  temperature,  high  pressure  plasma  interacts  with  a 
"working  fluid"  to  produce  the  gases  necessary  to  accelerate  a  projectile.  In  the 
development  of  ET  technology,  the  characterization  of  the  temperature  and  pressures 
generated  by  this  plasma  is  critical  for  modeling  of  the  ET  process  and  ultimately, 
complete  understanding  of  a  fielded  weapon  system.  We  report  here  the  results  of  an 
experimental  effort  aimed  at  determining  the  temperature  of  ET  plasmas  using  atomic 
emission  spectroscopy.  The  ultimate  goal  of  this  work  is  to  develop  a  technique  at  the 
benchtop  level  that  will  be  directly  transferable  to  measuring  the  temperature  in  a  large 
scale  ET  gun. 

The  preliminary  approach  we  have  taken  is  to  seed  the  plasma  with  barium 
perchlorate  (BaC104)  and  look  at  the  emission  from  the  barium  atoms  in  the  plasma.  The 
excitation  energies,  degeneracies,  and  oscillator  strengths  of  the  different  barium 
transitions  necessary  to  determine  the  temperature  of  the  plasma  are  readily  available  in 
the  open  literature.  Before  discussing  the  experimental  details  and  results,  a  brief 
description  of  the  theory  involved  is  presented. 

D.  THEORY 

The  Boltzmann  equation  (Eq.  1)  relates  the  number  of  atoms  populating  a  given 
energy  level  to  the  total  population  as  a  function  of  temperature 


N  _ge~mT 
Nt  u 


where  N  is  the  number  of  atoms  with  energy  E,  g  is  the  number  of  states  at  this  energy 
(degeneracy),  k  is  Boltzmann’s  constant  and  T  is  the  absolute  temperature  (K).  Using  Eq. 
1,  the  intensity  I,  of  a  spectral  line  can  be  written 


1= 


hvN-jA 


(2) 


assuming  the  emitter  follows  a  Boltzmann  energy  distribution.  In  Eq.  2,  u  is  the  partition 
function  for  the  particular  atom,  h  is  Planck’s  constant,  v  is  the  frequency  of  the  line,  and 
A  is  the  Einstein  transition  probability  for  emission. 

For  a  given  spectrum,  a  plot  of  Pn  (IA/gA)  versus  E,  where  A  =  l/v,  yields  a 
straight  line  whose  slope  is  equal  to  -1/kT,  again  assuming  a  Boltzmann  distribution  in  the 
populations.  This  treatment  implies  that  the  emitting  material  is  in  local  thermodynamic 
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equilibrium  with  the  surrounding  plasma,  and  the  temperature  is  constant  throughout  the 
observed  region. 


m.  EXPERIMENTAL 

The  experimental  layout  for  measuring  the  temperature  of  the  plasma  is  shown  in 
Figure  1.  The  light  emitted  from  the 
plasma  is  collected  by  a  fiber  optic 
bundle.  One  end  of  the  bundle  is  inserted 
into  the  plasma  and  the  other  end  is 
placed  at  the  entrance  slit  of  a  1  m 
spectrometer.  The  bundle  consists  of  37 
fibers  of  uv-grade  fused  silica,  each 
240  micrometers  in  diameter.  The  fiber 
optic  bundle  was  used  so  that  the  interior 
portion  of  the  plasma  would  be  probed.  If 
lenses  had  been  used  to  image  the  plasma 
emission  on  to  the  entrance  slit  of  the 
spectrometer,  detected  emission  may  come  only  from  the  outer  edge  of  the  plasma  due 
to  its  high  optical  density.  The  light  is  dispersed  by  a  300  gr/mm  grating  and  detected  by 
a  Princeton  Applied  Research,  Inc.  (PAR)  model  1420  intensified  photodiode  array  (OMA). 
The  OMA  has  700  intensified  elements,  which  provides  a  spectral  coverage  of 
approximately  560A  with  a  resolution  of  2A.  The  OMA  is  interfaced  to  a  20  MHz  80386 
microcomputer  through  a  PAR  model  1461  detector  controller.  The  acquired  data  is 
stored  on  the  microcomputer  for  future  data  analysis  and  plotting. 

The  capillary  assembly  is  shown  in 
Figure  2.  The  capillary  consists  of  a 
polyethylene  rectangular  bar,  75  mm  long 
x  1 0  mm  square,  that  has  a  4  mm  diameter 
hole  bored  axially  through  the  bar.  A 
0.1143  mm  diameter  aluminum  wire  is 
threaded  through  the  polyethylene.  At  one 
end  of  the  polyethylene,  a  stainless  steel 
electrode  (cathode)  is  inserted,  with 
contact  made  between  the  aluminum  wire 
and  the  electrode.  At  the  other  end  of  the  polyethylene,  a  few  crystals  of  barium 
perchlorate  (BaC104)  are  inserted.  These  crystals  serve  as  the  barium  source  for 
measuring  the  temperature  spectroscopically.  The  free  end  of  the  aluminum  wire  is  then 
fed  through  a  4  mm  hole  in  a  graphite  block  and  bent  over  the  top  of  the  graphite,  as 
shown  in  Figure  2.  The  graphite  block  serves  as  the  negative  electrode  (anode).  A  G-l  1 
housing  is  installed  around  the  polyethylene  assembly.  The  entire  capillary  is  then 
inserted  into  a  steel  housing,  which  is  bolted  together.  This  insures  that  electrical  contact 
is  made  between  the  graphite  electrode,  the  aluminum  wire,  the  lead  contact  in  the  G-l  1, 
and  the  steel  housing.  The  lines  from  the  power  supply  are  connected  to  the  rear 
electrode  and  the  steel  housing,  thus  forming  a  complete  circuit.  The  675  J  power  supply 


Figure  2.  Capillary  Assembly 
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Figure  1,  Experimental  Layout 
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contains  a  3  stage  pulse  forming  network  (PFN)  for  tailoring  the  shape  of  the  current  pulse 
delivered  to  the  capil1  jry.  In  all  of  the  experiments  performed  to  date,  the  power  supply 
was  charged  to  2000  volts.  Approximately  2000  amperes  of  peak  current  is  delivered  to 
the  capillary  in  a  pulse  of  300  microseconds  duration.  Figure  2  shows  the  region  of  the 
plasma  typically  probed,  which  is  axially  located  approximately  90  mm  from  the  end  of  the 
polyethylene  tube. 


IV.  RESULTS 

Figure  3  show  a  typical  spectrum  of  the  plasma  emission.  In  this  spectrum,  the 
spectrometer  was  centered  at  4709A.  The  four  transitions  labeled  are  emission  lines  from 
the  barium  ion  (Ball).  Table  1  lists  the  spectroscopic  quantities1  of  the  observed 
transitions  needed  to  calculate  the  temperature.  The  intensities  are  the  measured  peak 
heights  from  the  baselines  shown  in  Figure  3. 


Figure  3.  Typical  Spectrum  of  Plasma  Emission.  Labeled  transitions  are  barium  ion  (Ball) 
emission  lines. 

For  this  spectrum,  tfn  (U/gA)  is  calculated  for  each  transition  and  plotted  versus 
the  upper  state  energy  of  each  transition.  This  plot  ir  oh  own  in  Figure  4.  The  straight  line 
shown  is  a  least  squares  fit  to  the  data  points.  The  calculated  temperature  from  this  data 
is  15,318  K  (kT=  1.32  eV).  Theoretical  calculations  of  the  plasma  temperature  using  a  one¬ 
dimensional  steady  state  plasma  discharge  model2  indicate  temperatures  within  the 
polyethylene  tube  to  be  approximately  15,000  K. 
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Table  1.  Spectroscopic  Parameters  of  Observed  Transitions 

Wavelengt 

Intensity 

Energy 

A  (lOM) 

Peak 

h 

(A)  (air) 

(mm) 

(eV) 

9 

mm 

4934.09 

81.5 

2.51 

4899.96 

5.5 

5.25 

Bw'"  &3BS1 

B§, 

4554.03 

99.0 

2.72 

1.19 

mm 

4524.93 

11.0 

5.25 

2 

0.72 

Figure  4.  Plot  of  {n  (U/gA)  vs.  Upper  State  Energy.  The  solid  line  is  a  linear  least 
squares  fit  through  the  data  points. 


V.  DISCUSSION 

There  are  several  sources  of  error  that  need  to  be  addressed  when  making  this 
type  of  measurements.  The  first  of  these  is  the  problem  of  self-absorption.  Self-absorption 
occurs  when  an  atom  emits  light  that  is  subsequently  absorbed  by  another  atom  of  the 
same  element.  This  phenomenon  can  be  readily  seen  in  Figure  5,  where  a  "valley"  is  seen 
in  the  middle  of  the  peaks  marked  with  an  asterisk.  In  our  work,  self-absorption  was  most 
obvious  in  the  first  shot  after  seeding  the  plasma  with  the  barium  salt.  Therefore,  several 
shots  were  fired,  without  reseeding  the  plasma,  in  an  attempt  to  lower  the  barium 
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concentration  in  the  capillary.  This  seemed  to  be  effective  in  minimizing  the  self¬ 
absorption  problem,  as  evidenced  by  the  lack  of  a  "valley"  in  the  peaks  in  Figure  3.  While 
the  lack  of  a  "valley"  doesn’t  suggest  definitively  that  self-absorption  is  not  occurring,  it 
does  prove  that  the  self-absorption  problem  has  been  reduced. 


WAVELENGTH  (nm) 


Figure  5.  Example  of  Self-Absorption  Occurring  in  Observed  Spectrum.  The  asterisks 
indicate  self-absorbed  transitions. 


The  second  problem  concerns  the  low  number  of  barium  transitions  we  are  able 
to  see  at  one  time  due  to  the  number  of  intensified  elements  in  our  detector  and  the 
resolution  of  our  spectrometer.  Ideally,  one  would  like  hundreds  of  transitions  to  be  seen 
in  one  spectrum,  so  that  the  fitted  temperature  would  be  better  determined.  In  addition, 
errors  in  the  spectroscopic  constants,  particularly  the  A  values,  would  be  averaged  out. 
Variations  among  different  references3  can  amount  to  factors  of  2,  3,  and  in  a  few  cases, 
even  10.  Since  we  can  only  see  4  lines  in  one  spectrum,  any  errors  in  the  A  values 
reported  will  translate  into  an  erroneous  temperature  calculation. 

The  final  potential  source  of  error  involves  assigning  a  baseline  for  determining  the 
intensity  of  the  observed  transition.  As  can  be  seen  in  Figure  3,  a  large  continuum  is 
observed  below  the  transitions.  Assigning  the  correct  baseline,  therefore,  is  quite  difficult. 
Any  errors  in  our  assignment  will  effect  the  calculated  temperature. 
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VI.  FUTURE  STUDIES 


As  discussed  earlier,  the  ideal  situation  is  to  calculate  the  temperature  from  many 
transitions  occurring  from  the  same  material.  We  plan  to  temporarily  remove  the  OMA 
system  and  insert  a  film  holder  in  its  place  to  record  the  spectrum  on  photographic  film. 
This  arrangement  should  provide  a  spectral  coverage  on  the  order  of  2500A  with  the 
300  gr/mm  grating.  By  increasing  the  spectral  coverage  by  approximately  five  times  over 
what  is  currently  available,  we  should  be  able  to  observe  many  more  transitions,  thus 
allowing  us  to  compare  our  results  with  the  OMA  system  with  the  temperature  calculated 
from  a  larger  data  set. 

Another  area  to  be  investigated  involves  gating  the  OMA  detector  after  the 
aluminum  wire  has  exploded.  This  would  allow  measurement  of  the  plasma  temperature 
during  a  specified  time  interval,  rather  than  the  time  integrated  approach  currently 
pursued.  Once  the  gating  of  the  OMA  has  been  mastered,  we  also  plan  to  do  absorption 
studies  using  a  pulsed  flashlamp  as  a  radiation  source. 
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Copies  Organization 

1  Commandant 
USAFAS 

ATTN:  ATSF-TSM-CN 
Fort  Sill,  OK  73503-5600 

1  FJ.  Seiler 

ATTN:  S.  A.  Shackleford 
USAF  Academy,  CO  80840-6528 

1  University  of  Dayton  Research 
Institute 

ATTN:  D.  Campbell 
AL7PAP 

Edwards  AFB,  CA  93523 
1  NASA 

Langley  Research  Center 
Langley  Station 

ATTN:  G.  B.  Northam/MS  168 
Hampton,  VA  23365 

4  National  Bureau  of  Standards 
ATTN:  J.  Hastie 
M.  Jacox 
T.  Kashiwagi 
H.  Semerjian 

US  Department  of  Commerce 
Washington,  DC  20234 

1  Aerojet  Solid  Propulsion  Co. 

ATTN:  P.  Micheli 
Sacramento,  GA  95813 

1  Applied  Combustion  Technology, 

Inc. 

ATTN:  A.  M.  Varney 
P.O.  Box  607885 
Orlando,  FL  32860 

2  Applied  Mechanics  Reviews 

The  American  Society  of  Mechnical 
Engineers 

ATTN:  R.  E.  White 
A.  B.  Wenzel 
345  E.  47th  Street 
New  York,  NY  10017 


No.  of 

Copies  Organization 

1  Atlantic  Research  Corp. 

ATTN:  M.  K.  King 
5390  Cherokee  Avenue 
Alexandria,  VA  22314 

1  Atlantic  Research  Corp. 

ATTN:  R.  H.  W.  Waesche 
7511  Wellington  Road 
Gainesville,  VA  22065 

1  AVCO  Everett  Research 
Laboratory  Division 
ATTN:  D.  Stickler 
2385  Revere  Beach  Parkway 
Everett,  MA  02149 

1  Battelle  Memorial  Institute 
Tactical  Technolgoy  Center 
ATTN:  J.  Huggins 
505  King  Avenue 
Columbus,  OH  43201 

1  Cohen  Professional  Services 
ATTN:  N.  S.  Cohen 
141  Channing  Street 
Redlands,  CA  92373 

1  Exxon  Research  &  Eng.  Co. 

ATTN:  A.  Dean 
Route  22E 

Annandale,  NJ  08801 

1  Ford  Aerospace  and 

Communications  Corp. 
DIVAD  Division 
Div.  Hq.,  Irvine 
ATTN:  D.  Williams 
Main  Street  &  Ford  Road 
Newport  Beach,  CA  92663 

1  General  Applied  Science 
Laboratories,  Inc. 

77  Raynor  Avenue 
Ronkonkama,  NY  11779-6649 
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General  Electric  Ordnance 
Systems 

ATTN:  J.  Mandzy 
100  Plastics  Avenue 
Pittsfield,  MA  01203 

General  Motors  Rsch  Labs 
Physics  Department 
ATTN:  T.  Sloan 
R.  Teets 

Warren,  Ml  48090 

Hercules,  Inc. 

Allegheny  Ballistics  Lab. 
ATTN:  W.  B.  Walkup 
E.  A.  Yount 
P.O.  Box  210 

Rocket  Center,  WV  26726 

Alliant  Techsystems,  Inc. 
Marine  Systems  Group 
ATTN:  D.  E.  Broden/ 

MS  MN50-2000 
600  2nd  Street  NE 
Hopkins,  MN  55343 

Alliant  Techsystems,  Inc. 
ATTN:  R.  E.  Tompkins 
MN38-3300 
5700  Smetana  Drive 
Minnetonka,  MN  55343 

IBM  Corporation 
ATTN:  A.  C.  Tam 
Research  Division 
5600  Cottle  Road 
San  Jose,  CA  95193 

I  IT  Research  Institute 
ATTN:  R.  F.  Remaly 
10  West  35th  Street 
Chicago,  IL  60616 


2  Director 

Lawrence  Livermore  National 
Laboratory 

ATTN:  C.  Westbrook 

M.  Costantino 
P.O.  Box  808 
Livermore,  CA  94550 

1  Lockheed  Missiles  &  Space  Co. 

ATTN:  George  Lo 
3251  Hanover  Street 
Dept.  52-35/B204/2 
Palo  Alto,  CA  94304 

1  Los  Alamos  National  Laboratory 
ATTN:  B.  Nichols 

T7,  MS-B284 
P.O.  Box  1663 
Los  Alamos,  NM  87545 

1  National  Science  Foundation 

ATTN:  A.  B.  Harvey 
Washington,  DC  20550 

1  Olin  Ordnance 

ATTN:  V.  McDonald,  Library 
P.O.  Box  222 

St.  Marks,  FL  32355-0222 

1  Paul  Gough  Associates,  Inc. 
ATTN:  P.  S.  Gough 

1048  South  Street 
Portsmouth,  NH  03801-5423 

2  Princeton  Combustion 

Research  Laboratories,  Inc. 
ATTN:  M.  Summerlield 

N.  A.  Messina 
475  US  Highway  One 
Monmouth  Junction,  NJ  08852 

1  Hughes  Aircraft  Company 

ATTN:  T.  E.  Ward 
8433  Fallbrook  Ward 
Canoga  Park,  CA  91303 


No  Of 

Copies  Organization 

1  Rockwell  International  Corp. 
Rocketdyne  Division 
ATTN:  J,  E.  Flanagan/HB02 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

4  Sandia  National  Laboratories 
Division  8354 
ATTN:  R.  Cattolica 
S.  Johnston 
P.  Mattern 
D.  Stephenson 
Livermore,  CA  94550 

1  Science  Applications,  Inc. 
ATTN:  R.  B.  Edelman 
23146  Cumorah  Crest 
Woodland  Hills,  CA  91364 

3  SRI  International 
ATTN:  G.  Smith 
D.  Crosley 
D.  Golden 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

1  Stevens  Institute  of  Tech. 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 
Hoboken,  NJ  07030 

1  Sverdrup  Technology,  Inc. 

LERC  Group 

ATTN:  R.  J.  Locke,  MS  SVR-2 
2001  Aerospace  Parkway 
Brook  Park,  OH  44142 

1  Thiokol  Corporation 

Elkton  Division 
ATTN:  S.  F.  Palopoli 
P.O.  Box  241 
Elkton,  MD  21921 

1  Thiokol  Corporation 

Huntsville  Division 
ATTN:  J.  Deur 
Huntsville,  AL  35807-7501 


No.  of 

Copies  Organization 

3  Thiokol  Corporation 
Wasatch  Division 
ATTN:  S.  J.  Bennett 
P.O.  Box  524 
Brigham  City,  UT  84302 

1  United  Technologies  Research 

Center 

ATTN:  A.  C.  Eckbreth 
East  Hartford,  CT  06108 

3  United  Technologies  Corp. 
Chemical  Systems  Division 
ATTN:  R.  S.  Brown 

T.  D.  Myers  (2  copies) 
P.O.  Box  49028 
San  Jose,  CA  95161-9028 

1  Universal  Propulsion  Company 

ATTN:  H.  J.  McSpadden 
Black  Canyon  Stage  1 
Box  1140 

Phoenix,  A2  85029 

1  Veritay  Technology,  Inc. 

ATTN:  E.  B.  Fisher 
4845  Millersport  Highway 
P.O.  Box  305 

East  Amherst,  NY  14051-0305 

1  Brigham  Young  University 

Dept,  of  Chemical  Engineering 
ATTN:  M.  W.  Beckstead 
Provo,  UT  84058 

1  California  Institute  of  Tech. 

Jet  Propulsion  Laboratory 
ATTN:  L.  Strand,  MS  512/102 
4800  Oak  Grove  Drive 
Pasadena  CA,  91109 

1  California  Institute  of  Technology 

ATTN:  F.  E.  C.  Culick/MC  301-46 
204  Karman  Lab. 

Pasadena,  CA  91125 
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No.  of 

Copies  Organization 

1  University  of  California 

Los  Alamos  Scientific  Lab. 

P.O.  Box  1663,  Mail  Stop  B216 
Los  Alamos,  NM  87545 

1  University  of  California,  Berkeley 

Chemistry  Department 
ATTN:  C.  Bradley  Moore 
21 1  Lewis  Hall 
Berkeley,  CA  94720 

1  University  of  Calfornia,  San  Diego 
ATTN:  F.  A.  Williams 

AMES,  B010 
La  Jolla,  CA  92093 

2  University  of  California, 

Santa  Barbara 
Quantum  Institute 
ATTN:  K.  Schofield 
M.  Steinberg 

Santa  Barbara,  CA  93106 

1  University  of  Colorado  at  Boulder 
Engineering  Center 

ATTN:  J.  Daily 
Campus  Box  427 
Boulder,  CO  80309-0427 

2  University  of  Southern  California 
Dept,  of  Chemistry 

ATTN:  S.  Benson 
C.  Wittig 

Los  Angeles,  CA  90007 

1  Cornell  University 

Department  of  Chemistry 
ATTN:  T.  A.  Cool 
Baker  Laboratory 
Ithaca,  NY  14853 

1  University  of  Delaware 

ATTN:  T.  Brill 
Chemistry  Department 
Newark,  DE  19711 


No.  of 

Copies  Organization 

1  University  of  Florida 
Dept,  of  Chemistry 
ATTN:  J.  Winefordner 
Gainesville,  FL  32611 

3  Georgia  Institute  of  Technology 
School  of  Aerospace  Engineering 
ATTN:  E.  Price 

W.  C.  Strahle 
B.  T.  Zinn 
Atlanta,  GA  30332 

1  University  of  Illinois 

Dept,  of  Mech.  Eng. 

ATTN:  H.  Krier 

144MEB,  1206  W.  Green  Street 

Urbana,  IL  61801 

1  Johns  Hopkins  University/APL 

Chemical  Propulsion  Information 
Agency 

ATTN:  T.  W.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20707 

1  University  of  Michigan 

Gas  Dynamics  Lab 
Aerospace  Engineering  Lab 
ATTN:  G.  M.  Faeth 
Ann  Arbor,  Ml  48109-2140 

1  University  of  Minnesota 

Dept,  of  Mechanical  Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55455 

3  Pennsylvania  State  University 

Applied  Research  Laboratory 
ATTN:  K.  K.  Kuo 
H.  Palmer 
M.  Micci 

University  Park,  PA  16802 

1  Pennsylvania  State  University 

Dept,  of  Mechanical  Engineering 
ATTN:  V.  Yang 
University  Park,  PA  16802 
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Polytechnic  Institute  of  NY 
Graduate  Center 
ATTN:  S.  Lederman 
Route  110 

Farmingdale,  NY  11735 

Princeton  University 
Forrestal  Campus  Library 
ATTN:  K.  Brezinsky 
I.  Glassman 
P.O.  Box  710 
Princton,  NJ  08540 

Purdue  University 
School  of  Aeronautics  and 
Astronautics 
ATTN:  J.  R.  Osborn 
Grissom  Hall 

West  Lafayette,  IN  47906 

Purdue  University 
Department  of  Chemistry 
ATTN:  E.  Grant 
West  Lafayette,  IN  47906 

Purdue  University 
School  of  Mechanical  Engineering 
ATTN:  N.  M.  Laurendeau 
S.  N.  B.  Murthy 
TSPC  Chaffee  Hall 
West  Lafayette,  IN  47906 

Rensselaer  Polytechnic  Inst. 

Dept,  of  Chemical  Engineering 
ATTN:  A.  Fontijn 
Troy,  NY  12181 

Stanford  University 
Dept,  of  Mechanical  Engineering 
ATTN:  R.  Hanson 
Stanford,  CA  94305 

University  of  Texas 
Dept,  of  Chemistry 
ATTN:  W.  Gardiner 
Austin.  TX  78712 


1  University  of  Utah 

Dept,  of  Chemical  Engineering 

ATTN:  G.  Flandro 

Salt  Lake  City,  UT  84112 

1  Virginia  Polytechnic  Institute  and 

State  University 
ATTN:  J.  A.  Schetz 
Blacksburg,  VA  24061 

1  Freedman  Associates 

ATTN:  E.  Freedman 
241 1  Diana  Road 
Baltimore,  MD  21209-1525 


Intentionally  left  blank. 


16 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  repons  it  publishes. 
Your  comments/answers  to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  BRL  Report  Number  BRL-TR-3196 _ Date  of  Report  FEBRUARY  1991 

2.  Date  Report  Received _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest 

for  which  the  report  will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source 
of  ideas,  etc.) _ 


5.  Has  tMe  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars, 
saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


* 

j- 


'6.~t3eflCflJ  Comments.  What  do:  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


•  '1 

Name 


CURRENT  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Now  or  Correct 
Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


Name 


OLD  Organization 

ADDRESS  _ 

Address 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  mail.) 


FOLD  HERE 


Department  of  the  Army 

Director 

U.S.  Army  Ballistic  Research  Laboratory 

ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground.  MD  210*  5066 

OFFICIAL  BUSINESS 


NO  POSTAGE 
NECESSARY 
IF  HALED 
IN  THE 

UMTEO  STATES 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  No  0001,  APG,  MD 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


Director 

U.S.  Army  Ballistic  Research  Laboratory 

ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-9989 


FOLD  HERE 


